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Agenda
• Sequencing

• Sequencing technology

• Data files and formats

• Analysis

• Introduction to exercise
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Sequencing
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“Determine the primary 
structure of a polymer”
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Genome sequencing
• Determine the nucleotide sequence of all chromosomes in a genome

• Prokaryotes: One chromosome

• Eukaryotes: Sequence all autosome and sex chromosomes
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What is sequencing useful for?
•Sequence organisms

•Genome re-sequencing

•Determine the DNA sequence of prehistoric humans

•Metagenomics

•Cancer genomics

•Exon sequencing (~2% af genomet)

• ...
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Shendure & Aiden, 2012
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Genome Denmark

Et dansk reference genom
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Sequencing technology
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Sequence technologies

• Illumina

• SOLID

• 454

• Ion Torrent

• Pacific BioSciences

• Oxford Nanopore
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Sequence technologies

• Illumina

• SOLID

• 454

• Ion Torrent

• Pacific BioSciences

• Oxford Nanopore
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Sequence technologies
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Experimental steps in sequencing
1. Make a library of DNA molecules

2. Amplify DNA by Polymerase chain reaction (PCR)

3. Massive parallel sequencing
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Amplify and immobilize

16Metzker, 2010 
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Fluorescence detection
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http://www.youtube.com/watch?v=77r5p8IBwJk
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Determine the DNA sequence

Illumina 1_________
Illumina 2_________
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Determine the DNA sequence
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Reads

• Single-end reads

• Fragments sequenced from one end

• Paired-end reads

• Fragments sequenced from both ends

22Friday, February 14, 14



Data files and formats
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Data files and formats

• Paired-end sequencing

• Two files generated for each sample

• Each fastq file contains ~95,000,000 lines
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Fastq format

1. Sequence identifier starting with an @
2. Raw sequence letters
3. +
4. Quality values - one value every nucleotide in read

25Friday, February 14, 14



Important numbers
• Coverage

• How many nucleotides are covered by at least one read

• Depth

• Depth of coverage

• The number of reads covering a nucleotide

A. Average

B. At a given position
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Data analysis

27Friday, February 14, 14



Typical workflow of sequencing analysis

Quality control Trimming Quality control

AlignmentFiltering

Gene 
expression 
estimates

Annotate 
SNPs/Indels

Compare to 
other genomes
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Data analysis
1.Galaxy is one way to do it

2.CBS usually we run programs via a terminal
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Data analysis
1.Galaxy is one way to do it

2.CBS usually we run programs via a terminal
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Quality control - FastQC

• Various quality parameters
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Quality control

• Per base sequence quality

Before trimming After trimming
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Alignment

• Align reads against a reference genome
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SAM file

33Friday, February 14, 14



SAM file
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SAM file
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Alignment - CIGAR strand
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Alignment - CIGAR strand
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Alignment - CIGAR strand
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Alignment - Mapping quality
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Alignment - Mapping quality
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Alignment - Mapping quality
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Post-alignment analysis

• Filter out bad aligned reads

Gene 
expression 
estimates

Annotate 
SNPs/Indels

Comparative genomics

Identify disease-causing variations
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Intro to exercise
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Data

• Exome sequencing data

• Paired-end data - two files

• Breast cancer cell line, chromosome 13

Chromosome 13
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BRCA2
• One of the most common germ line mutation in breast cancer

• SNP: single nucleotide polymorphism 
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BRCA2
• One of the most common germ line mutation in breast cancer

• SNP: single nucleotide polymorphism 
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Purpose of exercise
• Analyze exome sequencing data

• Identify SNPs in BRCA2 on human chromosome 13

• Identify whether the previous published BRCA2 SNP N372H is present in the 
cell line

40Friday, February 14, 14



Workflow of analysis

Quality control

AlignmentFilter mappingBRCA2 SNPs

Filter variations Consequence 
of SNPs
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Galaxy
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Galaxy
Job running

Job in queue

Job finished
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Galaxy
Job running

Job in queue

Job finished
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Your turn to do some work
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Answers

http://wiki.bio.dtu.dk/teaching/index.php/
Introduction_to_Systems_Biology_Answers
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